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Background 
As rendering services decline in Iowa, swine, 
turkey, broiler, and egg producers are faced 
with rapidly increasing costs for safe disposal 
of an estimated 43,000,000 pounds of dead 
pigs and poultry each year. Land filling of 
animal carcasses has prompted growing pub­
lic concern about environmental impacts, and 
some landfill operators now impose constraints 
such as freezing before accepting such wastes. 
Another disposal approach, incineration, can 
cost over 4 cents per pound, and it often results 
in serious air pollution. 
This lack of alternatives for dead livestock 
disposal is forcing producers to address this 
problem with on-farm measures such as burial. 
But burial is time-consuming and difficult 
during winter months when ground is frozen. 
Furthermore, it can lead to water contamina­
tion. Groundwater monitoring near a poultry 
burial site in northwestern Iowa has shown 
high levels of ammonia and biochemical oxy­
gen demand in the shallow water resources 
beneath the burial site. Samples from an older 
site, established 9 to 11 years ago, show that 
localized groundwater contamination caused 
by animal burial at some sites can persist for a 
decade or longer. In fact, regulatory agencies 
have established stringent guidelines for on-
farm burial: minimum depths; minimum set­
back distances from wells, residences, public 
property, and lakes and streams; maximum 
loading rates per acre (number of animals that 
may be buried within a specified land area); 
and soil drainage requirements and minimum 
depths to groundwater at the burial site. 
Faced with these problems, Iowa's poultry and 
swine producers need simple, economical, 
environmentally acceptable methods for daily 
on-farm management of dead livestock. Aero­
bic stabilization of organic waste via 
composting has shown excellent potential for 
treatment of small animal carcasses prior to 
recycling on crop land. Composting in un­
mixed, unheated bins is widely used for car­
cass management in Maryland, Delaware, 
Arkansas, and Alabama. Poultry composting 
on two Iowa farms during 1991 and 1992 
confirmed that these approaches are also gen­
erally workable under Iowa conditions. How­
ever, composting in unmixed, outdoor bins is 
hindered by the following: 
1.	 Considerable time and labor is needed to 
transport dead birds from barns to 
composting units, to layer carcasses with 
co-compost material (straw and litter), and 
to move partially processed compost to 
secondary bins; 
2.	 Skill is required to load composting bins 
to appropriate levels to avoid excess mois­
ture and seepage, foul odors, and poor 
decomposition; 
3.	 The widely varying moisture content in 
the co-compost used by Iowa producers 
exacerbates the likelihood of poor decom­
position; and 
4.	 Composting conducted in static piles (un­
mixed bins) allows little control over the 
process, leading to highly variable results. 
Based on earlier experiences, it appears that 
small, mechanically mixed composting sys­
tems designed for use inside poultry or swine 
facilities would reduce manual labor and time 
required to transport dead animals to outdoor 
facilities, reduce the risks of disease transmis­
sion, provide more favorable composting tem­
peratures during winter, improve control over 
critical aspects of the composting process, and 
improve farmer acceptance of on-farm 
composting. Thus, the goal of this project was 
to develop and test prototype mechanical 
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composting equipment to meet these needs 
and provide Iowa poultry and swine produc­
ers with a safe, effective, and economical on-
farm alternative for disposal of dead livestock 
and poultry. 
The completion of this project coincides with 
a July 1994 change in interpretation of on-
farm solid waste disposal rules by the Iowa 
Department of Natural Resources (IDNR), 
which co-sponsored this project. On-farm 
carcass composting is now allowed without 
the need for a special permit as long as certain 
guidelines are followed (see Implications be­
low). 
Methods and findings 
Objectives included 
• assessing the availability and effective­
ness of methods for rapid on-site determi­
nation of moisture content prior to and 
during composting; 
• assessing availability and cost of commer­
cial farm-scale composting systems; 
• assessing availability and cost of small 
mechanical components (blowers, mix­
ers) for use in assembling small, on-farm 
mechanical composting units; 
• designing/constructing/testing small-scale 
rotating drum and aerated static pile (bin) 
composting units suitable for use inside 
livestock facilities; 
• testing pathogen content of finished com­
post to determine degree of destruction of 
harmful bacteria or viruses contained 
within poultry and small pig carcasses that 
are composted; and 
• surveying availability and cost of low-
cost carbonaceous materials (such as mu­
nicipal yard wastes, which are now banned 
from Iowa landfills) that swine producers 
could use to co-compost with small pigs. 
Strategies—year one: During 1993 the pro­
totype rotating barrel composting unit was 
constructed and preliminary trials were con­
ducted to determine its operating characteris­
tics and establish the functional range of waste 
mixture ratios, moisture levels, and aeration 
schedules. 
Leopold Center Progress Reports 
Several operational problems were addressed 
during the preliminary operating trials. Chief 
among these was failure to achieve operating 
temperatures normally associated with high 
rate aerobic composting (110° -150° F). This 
was caused, in part, by excessive internal heat 
loss resulting from the small prototype's high 
surface area to volume ratio. Unstable operat­
ing temperatures were further aggravated by 
inefficient compost aeration and consequent 
low microbial heat generation. 
After the air intake area on the composter was 
enlarged and several composting trials were 
conducted, it became apparent that low inher­
ent compost porosity, further aggravated by 
compaction, was seriously interfering with 
oxygen movement into the compost mixture. 
Introduction of medium-sized (1-inch) wood 
chips into the composting mixture improved 
the porosity of the composting material, lead­
ing to better gas transfer into and out of the 
compost mix and generation of more internal 
heat. After several trials, a batch mixture 
consisting of 20 pounds of poultry carcasses, 
70 pounds of wood chips, and 125 pounds of 
poultry litter was found to be reasonably effec­
tive in maintaining adequate cover over the 
carcasses and in producing a mix with suffi­
cient porosity to produce core temperatures in 
the desired temperature range of 110° -140° F. 
Due to continued high heat loss through the 
surface of the drum, however, the desired 
temperatures occurred only at the core of the 
compost mixture. 
To further control heat loss, the unit was ini­
tially insulated with a fiberglass blanket. This 
approach proved ineffective in controlling heat 
loss, particularly during the fall and winter 
when ambient air temperatures in the unheated 
utility shed where testing was conducted fell 
below 30° F. Improved temperature control 
was finally achieved by placing the composter 
inside an insulated box and providing suffi­
cient supplemental heat to maintain external 
air temperature above 50 °F. Since this artifi­
cial temperature control serves only to simu­
late temperatures normally expected inside 
inhabited livestock facilities, results of subse­
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quent composting trials carried out within the 
temperature-controlled environment are be­
lieved to represent potential composting per­
formance of the rotating-barrel composting 
unit in a typical production environment. It is 
also believed that temperature control prob­
lems are greatly accentuated by the relatively 
small size of the prototype unit, and that heat 
loss will be much less significant in a larger, 
full-scale unit having a lower surface area to 
volume ratio. 
Of the many parameters affecting performance 
of the rotating barrel composting unit, mois­
ture content is certainly one of the most cru­
cial. As illustrated by the internal and external 
temperature profiles charted in Fig. 1, high 
moisture (> 60%) suppressed microbial activ­
ity, resulting in internal temperatures that are 
well below the desired thermophilic range. 
Although extended periods of rotation (mix­
ing) were found effective in redistributing 
localized moisture accumulations that develop 
during static operation, rotation was not effec­
tive in drying out compost that had uniformly 
high moisture content throughout the mix. In 
such instances, extended rotation of wet sticky 
compost materials served only to compact the 
mass, thereby limiting air and moisture move­
ment through it. 
Fig. 1. Suppression of internal temperatures caused by high compost 
moisture. 
Strategies—year two: Having established 
operating procedures that provide reasonable 
control over moisture, carbon:nitrogen ratios, 
porosity, and temperature in Phase I of the 
project, Phase II trials were begun during the 
spring and early summer of 1994. These 
focused on assessing the effects of two com­
post aeration strategies. Previous experience 
with unmixed bin-composting operations 
showed that they are characterized by gradu­
ally increasing core temperatures until such 
time as internal oxygen supplies are exhausted, 
or temperatures reach levels that suppress 
further bacterial activity. Once this occurs, 
composting temperatures slowly decline. Fur­
ther microbial activity can be stimulated, and 
internal temperatures sustained, however, by 
mixing or aerating the compost. This proce­
dure helps to remove excess heat, redistributes 
moisture, releases toxic gases, and reestab­
lishes an oxygen supply for the aerobic 
composting organisms. 
Two aeration strategies were tried. The first, 
based on temperature feedback, called for 
barrel rotation (aeration) as soon as internal 
temperatures peaked and began to fall. As 
shown in Fig. 2, microbial activity under this 
operating regime caused temperatures to peak 
every two to three days. By aerating as soon 
as temperatures began to decline, it was pos­
sible to sustain microbial activity, maintain­
ing internal temperatures in the 120-150° F 
range. Under this operating scheme, rates of 
decay improved noticeably, leading to nearly 
complete decay of the 20-pound test load of 
poultry carcasses in 10-14 days. When com­
pared with two 10-14 day composting cycles 
commonly associated with unmixed bin 
composting on the farm, moderately improved 
aeration, based on temperature feedback, ap­
pears to reduce total carcass decay time by 
roughly one half. 
Internal oxygen measurements made during 
later phases of the temperature-controlled aera­
tion trials described above showed that, de­
spite sustained core temperatures above 120° 
F, internal O2 levels were usually well below 
the minimum desired level of 5%. This indi­
cates that elevated core temperatures may be 
due more to self insulation of the compost 
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mixture than to a high level of microbial activ­
ity, and it further suggests that more frequent 
aeration might further stimulate microbial ac­
tivity, increasing the rate of carcass decay. For 
this reason, a second aeration scheme, based 
on oxygen feedback measurements, was tested. 
Internal oxygen measurements were obtained 
by inserting perforated polyethylene tubing 
into the compost at several locations. Gas 
samples withdrawn through the sampling tubes 
were run through a portable gas analyzer ca­
pable of measuring oxygen (O2), hydrogen 
sulfide (H2S), and ammonia (NH3). 
This procedure showed that although internal 
O2 levels rise to 16-18% during rotation, they 
decline precipitously to levels of 2% or less 
during only 1-2 hours of non-rotation. This 
suggests that frequent rotation is needed to 
maintain O2 levels above the desired minimum 
level of 5%. Since the test procedure required 
manual removal of the O2 measuring probes 
prior to rotation, and their reinsertion follow­
ing rotation, it was not possible to sustain high 
oxygen levels on a 24-hour basis. In lieu of 
continuously high O2 levels, an aeration scheme 
based on alternating periods of frequent aera­
tion (during daytime hours) followed by longer 
periods of non-aeration was tested. 
As shown in Fig. 3, attempts to maintain the 
desired oxygen levels during daytime hours 
required rotation every 1-2 hours. This in turn 
increased heat loss and noticeable temperature 
suppression during rotation periods. Despite 
the reduced temperatures, the seven-day run 
charted in Fig. 3 suggests that frequent aera­
tion followed by extended periods of non-
aeration stimulated microbial activity as evi­
denced by rapid temperature increases during 
non-rotation periods. This is further supported 
by the compost end product, which exhibited 
nearly total decay of a 20-pound batch of 
carcasses in a period of about seven days. 
Further work using a larger rotating barrel to 
reduce heat loss and reduce the unit's sensitiv­
ity to external temperature fluctuations is 
planned . If scale-up is successful, the larger 
unit will be used to investigate suitable 
composting mixtures and operating procedures 
for small swine. 
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Fig. 2. Aeration following peak temperature development was success­
ful in maintaining temperatures in the 120-150 °F range. 
Fig. 3. Internal composter temperatures resulting from alternating 
periods of frequent aeration followed by non-aeration. 
Implications 
The IDNR now allows on-farm composting of 
dead livestock that adheres to these require­
ments: 
• Dead animals must originate from opera­
tions located on premises where 
composting occurs; 
• Dead animals are placed in composter 
within 24 hours of death; 
• Carcasses are covered with sufficient co-
compost material to prevent access by 
domestic or wild animals, flies, rodents, 
and other vermin; 
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•	 Composting is done in a manner that pre­
vents formation of leachate and runoff or
leaching of pollutants into surface or
groundwater;
 •	 Composting must be conducted on an 
 impervious weight-bearing surface located 
 outside of wetlands or the 100-year flood 
 plain, and at least 100 feet from private 
•	 Compost is not removed from the wells, 200 feet from public wells, 50 feet 
composting unit until fully stabilized (all from property lines, 500 feet from neigh-
For more information flesh, internal organs, and soft tissue de- boring residences, and 100 feet from flow-
contact T. Glanville, composed); ing or intermittent streams, lakes, orponds. 
Agricultural and .
 F uUy stabilized material may not be stored 
Biosystems Engineer- f m o r  e thm n m o n t h  s m(i m u s  t b  e T w  o on.fami demonstrations near Webster 
ing, Iowa State Univer- .	 ^  ^  
sity Ames Iowa applied to crop or pasture land at rates City and Lenox were held m 1992; an Exten­
50011, (515) 294-0463. consistent with crop nutrient requirements; sion fact sheet is in preparation. 
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